SUMMARY Unconjugated bile acids were measured using gas chromatography-mass spectrometry in the serum of two subjects throughout a 24 hour period and in two other subjects over a six hour period after breakfast. Unconjugated bile acids were found in all samples of serum and included cholic, chenodeoxycholic, deoxycholic, 3f3,7a-dihydroxy-5,/-cholanic (isochenodeoxycholic), ursodeoxycholic, 3/3,7,B3dihydroxy-5,/3cholanic (iso-ursodeoxycholic), 3,& hydroxy-5-cholenoic, and lithocholic acids. The maximum concentration of each bile acid generally occurred between breakfast and dinner and total unconjugated bile acid concentrations attained levels of between 2-3 ,umol/l. Concentrations increased after breakfast and were often as high as 30-40% of the conjugated bile acid glycocholate, but returned to fasting levels in the absence of lunch. The intestinal absorption of unconjugated bile acids is therefore of greater quantitative importance than was previously thought.
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The first step in the formation of secondary bile acids is usually deconjugation, and, in normal man, about one-third of the bile acid pool daily undergoes deconjugation by intestinal bacteria.2 3 Consequently, the majority of bile acids found in the lower ileum and colon are normally unconjugated.4 Many important functions have been ascribed to unconjugated bile acids. It has been suggested that they are important as bacteriostatic agents in the distal ileum,5 in the maintenance of normal bile acid pool size,2 as physiological laxatives,6 and in the control of bile acid synthesis. 7 Bacterial degradation of bile acids also includes dehydration, dehydrogenation, and epimerisation and, although a large number of bile acid bacterial metabolites may be normally excreted,8 little is known of their absorption.
This report describes for the first time the diurnal variation of serum unconjugated bile acid concentrations in normal man.
Methods

SUBJECTS
Serum unconjugated bile acids were measured in Received for publication 23 October 1981 four adult males (hospital staff) aged 28-45 years.
Liver function tests were normal and none of the subjects had any evidence of gastrointestinal disease. Samples of whole blood were obtained via an indwelling intravenous cannula and the sera stored at -20°C. In two subjects samples were obtained throughout a 24 hour period in which three solid meals were taken at 19.30 h, 08.00 h, and 13.00 h and a snack (consisting of biscuits and milk) at 23.00 h. In the other two subjects, after a single solid meal (breakfast) taken at 10.30 h, blood samples were collected for a five hour period during which no more food was eaten. Bile acids were extracted from serum using Amberlite XAD-79 and the unconjugated bile acids were isolated by anion exchange chromatography on a lipophilic Sephadex gel diethylaminohydroxypropyl Sephadex Bile acids were quantified as their methyl estertrimethylsilyl ether derivatives using gas chromatography-mass spectrometry. Gas chromatographymass spectrometry was performed using a Varian Aerograph gas chromatograph equipped with a 3%
Hi-Eff 8-BP column (2 m x 4 mm) heated at 235°C and coupled to a Varian MAT-731 double focusing mass spectrometer operated in the selected ion monitoring mode at low resolution. Accelerating voltage switching was used to focus the ions of mass/charge (m/z) 368, 370, and 372 chosen because they are characteristic ions in the mass spectra of Me-TMS ether derivatives of mono-, di, and trihydroxylated bile acids (Fig. 1 
lithocholic acid, (6) ursodeoxycholic acid, (7) 3p-hydroxy-5-cholenoic acid, (8) 31, 7a&-dihydroxy-5-cholanic acid, (9) 31p, 7p-dihydroxy-513-cholanic acid. Coprostanol (10pmol) was the internal standard used and gas chromatography was performed on a 1% Hi-eff8BP packed column at 235°C isothermal.
and gas chromatography and found to be >95% pure.
The high sensitivity of the technique allowed a limit of detection of approximately 10 pmol bile acid, this being equivalent to a serum concentration of 0.005 ,umol/l. The within batch precision of replicate analyses gave coefficients of variation of between 5-13% for the different bile acids.
Cholic, chenodeoxycholic, deoxycholic, lithocholic, ursodeoxycholic, and 316-hydroxy-5-cholenoic acids were identified from their complete mass spectra and gas chromatographic characteristics.
3f3,7ax-Dihydroxy-5I3-cholanic and 3fi,7f-dihydroxy-5,-cholanic acids were tentatively identified from their complete mass spectra, gas chromatographic retention data, and mass ion responses, as it was not possible to obtain authentic standards to allow their definitive identification.
Serum glycocholate concentrations were determined by radioimmunoassay (Abbott Laboratories Ltd, Basingstoke, UK).
Results
Unconjugated bile acids were found in all serum samples analysed (Fig. 1) . Although there were quantitative and qualitative differences between the 24 hour profiles of the individual bile acids, the two sets of data had many features in common (Fig. 2) .
During the 24 hour period the maximum concentration of most of the bile acids occurred between breakfast and dinner, little change being found during the period after midnight and before breakfast.
In both subjects deoxycholic acid was the unconjugated bile acid present in the highest concentration. The time at which the maximum concentration of deoxycholic acid occurred in each subject generally coincided with the peak concentration of ursodeoxycholic, iso-ursodeoxycholic, and iso-chenodeoxycholic acids but not of cholic and chenodeoxycholic acids. In neither subject did unconjugated lithocholic acid concentrations ever exceed 0.05 ,mol1 (18 ng/ml) and in many samples this bile acid was undetectable. In each subject the changes in chenodeoxycholic acid concentration tended to accompany those of the cholic acid concentration. In all of the samples analysed the percentage of cholic acid was greater than that of chenodeoxycholic acid (Fig. 2) .
In the two other subjects, after breakfast (10.30 h), levels of glycine conjugated cholic acid increased and were still raised 4j hours later (Fig. 3) .
In contrast, concentrations of unconjugated bile acids, which often reached about 50% of the corresponding glycocholate concentration, returned ,umol/l imol/I to pre-breakfast values within three hours (Fig. 3) . Iso-chenodeoxycholic acid was the predominant bile acid of the, unusual unconjugated bile acids detected (Fig. 3) .
Discussion A large number of unconjugated bile acids are to be found in the fasting sera of normal subjects and their concentration increases after meals. Serum bile acids represent that fraction of the biliary bile acids which, after absorption from the intestinal lumen into the portal vein, escape extraction by the liver. Unconjugated bile acids are produced by bacterial action on the conjugated biliary acids and, although some bacterial alteration of conjugated bile acids may occur without deconjugation,3 the majority of newly formed secondary bile acids are unconjugated. It is generally accepted that all the bile acids excreted by the normal liver are conjugated and this view is supported by the observation that unconjugated bile acids are not normally found in the duodenum and upper jejunum.11 Serum unconjugated bile acid concentrations may therefore be regarded as indices of the absorption of newly formed secondary bile acids.
Many previous studies have suggested that, compared with the amount of conjugated bile acids, the unconjugated bile acid fraction in the sera of normal subjects is negligible. The analytical technique applied to the analysis of unconjugated bile acids in serum utilises the lipophilic anion exchange gel, diethylaminohydroxypropyl Sephadex LH-20, which affords a specific separation of unconjugated bile acids from conjugates which are retained on this gel.10 The main advantages of using this gel are the high degree of purification which is attained, the inert nature of the gel 'which avoids degradation of bile acids, and the ability to separate neutral steroids, of which cholesterol is quantitatively the most important, from unconjugated bile acids which would otherwise interfere in the subsequent gas chromatography-mass spectrometry analysis. The absolute specificity of iso-ursodeoxycholic acid, and 3p-hydroxy-5-cholenoic acid are synthesised in the liver or the intestine is unknown. Although the finding of these bile acids in the unconjugated fraction from normal sera does not prove them to be of intestinal origin, it does suggest that their presence is physiological rather than pathological and that their formation is not necessarily indicative of liver disease. In this context it must be noted that all subjects in the present study were male and that in this preliminary study no attempt was made to assess the role of factors such as small or large intestinal transit time and type of meal on the proportion of bile acids present in serum as unconjugated bile acids.
Increased concentrations of fasting serum unconjugated bile acids have been found in patients with small bowel bacterial overgrowth and ileal 26 resection. The explanation for this finding was the increased bacterial degradation of the conjugated bile acids coupled with the less efficient hepatic clearance of unconjugated bile acids from the peripheral circulation. 2. 27 The diurnal variation in serum unconjugated bile acid concentrations in patients with small bowel bacterial overgrowth has not been studied but the results of the present study suggest that their concentrations after meals would be even higher than normal subjects in the fasting state.
Ileal resections may often be accompanied by bile acid malabsorption, diarrhoea, and steatorrhoea. In some patients, however, colonic absorption of bile acids appears to be sufficient to prevent bile acid associated diarrhoea.28 The above observations suggest that the determination of postprandial serum unconjugated bile acid concentrations will provide a direct means of monitoring colonic absorption and thus of estimating the role of bile acids in associated diarrhoea and/or steatorrhoea.
In the past, much attention has been paid to malabsorbed or faecal bile acids, while the absorption of unconjugated bile acids, particularly in intestinal disease, including inflammatory bowel disease and colonic cancer, has received little consideration. The accurate measurement of serum unconjugated bile acids, however, provides a direct way of following the formation and absorption of secondary bile acids. 
